Due to their detrimental effects on human health, the scientific interest in ultrafine 23 particles (UFP) has been increasing but available information is far from 24 comprehensive. Children, who represent one of the most vulnerable groups of society, 25 spend the majority of their time in schools and homes. Thus, the aim of this work is to 26 assess indoor levels of particle number concentrations (PNC) in ultrafine and fine range 27 at school and home environments and to compare the indoor respective dose rates for 28 3-5 years old children. Indoor particle number concentrations in range of 20-1000 nm 29 were consecutively measured during 56 days at two preschools (S1 and S2) and three 30 homes (H1-H3) situated in Porto, Portugal; at both preschools different indoor 31 microenvironments (classrooms, canteens) were evaluated. The results showed that the 32 total mean indoor PNC (determined for all indoor microenvironments) were 33 significantly higher (p < 0.05) at S1 than at S2. At homes the indoor levels of PNC 34
Due to their detrimental effects on human health, the scientific interest in ultrafine 23 particles (UFP) has been increasing but available information is far from 24 comprehensive. Children, who represent one of the most vulnerable groups of society, 25 spend the majority of their time in schools and homes. Thus, the aim of this work is to 26 assess indoor levels of particle number concentrations (PNC) in ultrafine and fine range 27 at school and home environments and to compare the indoor respective dose rates for 28 3-5 years old children. Indoor particle number concentrations in range of 20-1000 nm 29 were consecutively measured during 56 days at two preschools (S1 and S2) and three 30 homes (H1-H3) situated in Porto, Portugal; at both preschools different indoor 31 microenvironments (classrooms, canteens) were evaluated. The results showed that the 32 total mean indoor PNC (determined for all indoor microenvironments) wereINTRODUCTIONwhere D is the age-specific dose rate (particle number kg -1 day -1 ); BRWa is the age-153 specific weighted average breathing rate (L min -1 ); BW is age-specific body weight 154 (kg); CWA is the age-specific weighted average concentration of particles (number of 155 particles L -1 ); OF is the occupancy factor (i.e. percentage of residents likely to be in the 156 microenvironment at a given interval; it was considered 1, as children kept their 157 schedules and associated locations tightly); and N is the total time per day spent by age-158 specific children in the respective indoor environment (min day -1 ). Particle dose rates 159 were estimated for 3-4 and 5 years old children. The daily activity patterns of children 160 were analyzed throughout each day. Locations in which the different activities 161 happened during the day were identified. Total daily residence time of children spent 162 in each micro-environment (home, preschool) and the types of performed activities 163 were registered. Each activity was characterized in terms of intensity level in order to 164 assess the corresponding BR. An example of children timetable and activity patterns is 165 shown in Table 2 . As the information concerning the Portuguese population is not 166 available, the age-specific factors (BW, BR) were retrieved from USEPA data 167 (USEPA, 2011) considering the mixed population (both male and females). BW of 18.6 168 kg for 3-5 years old children was used. The values of BR were selected as the 169 followings: 4.3 L min -1 for rest or sleep; 4.5 L min -1 for sedentary or passive activities; 170 11.0 L min -1 for light intense activity, and 37.0 L min -1 for highly intense activities 171 (running, etc.) . BRWA was estimated then as weighted average, i.e. considering the 172 intensity of each performed activities and the amount of time. The dose rates were then 173 estimated using the average indoor concentrations of each microenvironment (andsignificance (p<0.05, two tailed) of the differences between the determined means. All 179 statistical analyses were performed using IBM® SPSS® Statistics software. 180
Particle number concentrations 183
Total means of particle number concentrations and the statistical parameters 184 (minimum and maximum values, 25 th , and 75 th percentile) at the two preschools and 185 three homes are shown in Figure 1 . These parameters of (ultra)fine particles were 186 determined using all measured data of all existent indoor environments. Concerning 187 two preschools, mean of indoor PNC was significantly (1.4 times) higher (p < 0.05) at 188 S1 (1.84×10 4 particles cm -3 ) than at S2 (mean of 1.32×10 4 particles cm -3 ). 189
At all three homes, obtained means of indoor (ultra)fine particles (Table 1) were 190 rather similar; the results showed that the total indoor means of PNC at three homes 191
were not statistically different (p < 0.05). Overall, the highest mean and the ranges of 192 PNC were observed at H1 with mean concentration 1.1 times higher than at H2 and H3. 193 194 
Dose rates 195
The activities that children conducted during their school time were alike at both 196 preschools. However, the dose rates of indoor particles were estimated for 2 age 197 categories, namely 3-4 years old and 5 years old children because their daily schedules 198 slightly differed. Children spent the majority of their preschool time in classrooms 199 (approximately 70-75% for 3-4 years old, and 57%-70% for 5 years old). The younger 200 children rested (i.e. slept which was an activity associated with the lowest breathing 201 rates) after lunch for 2-2.5 hours whereas older children performed indoors more 202 frequently physical activities (such as running, playing, exercising, use of climbers, 203 swings and slides). In addition, the 5 years old children spent less time (0.75-1.75 h) 204 indoors. Overall, the daily activity patterns of children at three homes were remarkably 205 similar. On average, children spent 13 h at home, out of which 3 h took place in a living 206 room (sedentary or light activities; studying, games playing, drawing, or eating). 207
Morning and evening routines (breakfast, bath, and etc.) took approximately for 1 h 208 whereas child sleep accounted for about 9 h. 209 Dose rates associated with inhalation exposure to (ultra)fine particles (20-1000 210 nm) number concentrations at two preschools and three homes were estimated for two 211 different age categories of children. The results are shown in Table 3 . Concerning 212 preschools, the results clearly show that: (i) for both age categories the highest dose 213 rates of PNC were found at S1; and ii) for both schools the highest values of PNC total 214 dose rates were observed for 5 years old children. Furthermore, the results in Table 3  215 clearly show that for 3-4 years and 5 years old children dose rates at homes were 1.3-216 2.1 times higher than at schools. 217
As children represent one of the most vulnerable groups in society, more 220 information concerning the air pollutants to which they are adversely exposed in 221 schools and home environments is needed. Overall, levels of (ultra)fine particles at the 222 two Portuguese preschools were in similar ranges to those reported for indoor air of 223 ; Rumchev et al., 2007) . In addition, 227 large ongoing epidemiological study of UFP in schools has been conducted in 228
Melbourne (Australia). The authors reported emission rates of UFP as well as 229 deposition of UFP in lungs so direct comparison with levels in air was not possible.al., 2012; Fromme et al., 2007; Norbäck et al., 2011) reported much lower levels of 232 ultrafine particles (0.7×10 3 -6.5×10 3 particles cm -3 ) than in present work. Different 233 levels of urbanization and development of area surrounding schools, meteorological 234 conditions or seasonal influences could account for some of these differences 235 (Morawska et al., 2009) . It is also necessary to point that the majority of the existent 236 studies on UFP in educational settings focused on assessments in classrooms (Clausen 237 et al., 2012; Fromme et al., 2007; Guo et al., 2010; Mullen et al., 2011; Norbäck et al., 238 2011; Weichenthal et al., 2008) . Only one study (Zhang & Zhu, 2012) reported the 239 information on ultrafine particles also in other school microenvironments (gymnasium, 240 canteen, libraries), being otherwise inexistent. In this work, classrooms were the 241 microenvironment associated with lower particle number concentrations at both 242 preschools (mean of 9.31×10 3 and 1.13×10 4 particle cm -3 at S1 and S2, respectively), 243 which is reassuring, considering that they are the places where children spend the 244 majority of their school time. The major identified sources of (ultra)fine particles, based 245 on the daily registered information, were: classroom cleaning, children activities during 246 classes (such as sculpturing, and etc.) and combustion sources; levels of (ultra)fine 247 particles in ambient air ranged from 2.4 × 10 3 to 4.3 × 10 4 (Slezakova et al., 2014) . On 248 the contrary, at both preschools PNC in canteens (mean of 5.17×10 4 and 3.28×10 4 249 particle cm -3 at S1 and S2, respectively) were the highest ones. Although, children 250 spend in canteens rather short periods of time (18 and 19% of their school time at S1 251 and S2, respectively) the exposures in this type of indoor microenvironment might be 252 relevant for overall child school exposure. Furthermore, exposure to high levels of 253 ultrafine particles numbers, even if during a limited period of time, may pose some risks 254 to child health (Burtscher & Schüepp, 2012) . In agreement with these findings, Mullen 255 et al. (2011) previously reported that cooking events were the most significant indoor 256 sources (during normal occupancy) at six schools in California (USA). The importance 257 of cooking and eating activities have been also demonstrated in more recent studies 258 evaluating particle deposition in the alveolar and tracheobronchial region (Buonanno et 259 al., 2011 (Buonanno et 259 al., , 2012 2013b; Mazaheri et al., 2013 period, duration, number of homes) and/or different particle size ranges of measured 270 ultrafine fraction could also contribute to these differences (Morawska et al., 2013) . 271
Overall, the highest mean of PNC as well maximal levels (i.e. 2.1×10 5 particle 272 cm -3 ) were observed at H1. Based on the analysis of information available from the 273 questionnaires, the indoor sources of UFP at H1 included: cooking (boiling and frying), 274 use of toaster and oven, use of cleaning products, vacuuming and ironing. Certainly the 275 frequency and durations of these indoor activities might have influenced the respective 276 levels. However, it is also necessary to remark that contrary to the other two homes, at 277 H1 the room where the sampling was conducted was directly connected with a kitchen. 278
In addition, occupants of this home maintained doors between kitchen and living room 279 almost constantly opened. Thus, PNC from cooking emissions easily penetrated to the 280 sampling area (Bordado et al., 2012; Buonanno et al., 2013b) , and accounted for the 281 high concentrations at this home. The variation of time and location (room type) can 282 account for the obtained differences of (ultra)fine particles (Bekö, et al., 2013) . 283
Overall, the levels of PNC at three homes were 10-70% lower than at12 typically performed in an educational institution vary greatly from those of home. 286 Therefore, the dose rates resulting from a stay in these two environments might differ 287 considerably. 288
The highest doses of PNC at preschools were found for children of S1 (Table 3) . 289
Although levels of PNC in classrooms were the highest at S2, doses of UFP resulting 290 from school exposure were higher (up to 50%) for children at S1, probably due to the 291 higher levels of PNC in the canteen of the respective preschool. These findings thus 292
demonstrate that all potential microenvironments should be considered when assessing 293 children exposure to PNC in preschools and schools. 294
The estimated dose rates of indoor PNC at both schools were compared between 295 both age groups of children. The results in Table 3 show that at S2 the dose rates were 296 higher for 5 years old children. As mentioned previously, older children performed 297 more frequently physical activities which were associated with the highest breathing 298 rates and consequently led to higher inhalation doses of particles. On the contrary 3-4 299 years old children spent more time in classrooms where levels of PNC were the lowest. 300
Furthermore, after the lunch 3-4 years old children slept in the classrooms which was 301 an activity associated with the lowest breathing rates. At S1, the estimated dose rates 302
were not statistically different (p < 0.05) between 3-4 years old and 5 years old children, 303 which was probably due to the different activity patterns; older children spent indoors 304 less 1.75 h and contributions resulting from the outdoor exposure was not considered 305 in this work. Therefore, in future work when assessing children a period spent during 306 school daytime outdoors should be considered as it might be relevant to child overall 307 school exposure. 308
When evaluating the three homes (Table 3) , the highest dose rates of particles 309 were observed for children at H1 due to the highest levels of UFP at this home. When 310 in use, particles samplers make minor noise. Therefore, in order to maintain soundless 311 rest of children it was not possible to conduct measurements directly in children13 bedrooms. The obtained dose rates of PNC at H1-H3 thus represent an approximation 313 of child home exposure and need to be interpreted carefully. 314
Finally, dose rates of particles in (ultra)fine range at homes were higher than those 315 of preschools. Although number concentrations (ultra)fine particles at the three homes 316 were lower than total levels at both preschools (Figure 1) , children spent at homes 317 approximately 13 h (opposed to 9 h at preschools). The longer exposure time could 318 account for the obtained values. These results thus show that daily activity patterns 319 significantly influenced overall doses to PNC in 3-5 years old children. 320
The dose rates of in (ultra)fine particles estimated in this work were due to indoor 321 exposure at preschools and homes only. However, children spend on a daily basis some 322
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